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ABSTRACT 

Information theory was used to qualify 'the difficulty 
of verbal discrimination (VD) learning tasks and to measure VD 
performance. Words for VD items were selected with high background 
frequency and equal a priori probabilities of being selected as a 
first response. Three VD lists containing only 2-, 3-, or 4-word 
items were created and equated for information content at 
approximately 20 bitis. Lists %0ere presented for 6 trials at 1.5 or 
3.0 sec. per item with 20 Ss per list. Only correct responses were > 
reinforced. The uncertainty (H) in the response distribution was 
calculated for each item on each trial and summed for each list. The 
H remaining after Trial 6 averaged over all 3- sec. conditions was 8.4 
bits. For the 1.5-sec. conditions, it was 15.2 bits, indicating that 
information was being processed at a constant rate. The amount of 
information processed per trial was also constant for each list 
condition, although differences among lists reached borderline 
significance (p .05) at the 3-sec. rate. It appeared quite feasible 
to apply information theory to VD learning as an absolute measure of 
task difficulty and performance. (Author) 
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INFORMATION ANALYSIS OF 2-, 3% AND 4-WORD 
VERBAL DISCRIMINATION LEARNING 

JAMES K. ARIMA and FRANCIS D, GRAY 
Navat Postgraduate School, Monterey, California 

Information theory was used to quantify the difficulty of verbal discrimination (VD) learning tasks and measure 
I VD performance. 

Method. Words for VD items were selected with high baclcground frequency and equal a priori probabilities of 
I being selected as a first response. Three VD lists containing only 2-, 3-, or 4-word Items were created and equated for 
information content at approximately 20 bits. Lists were presented for 6 trials at 1 .5 or 3.0 sec. per item with 20 Ss per 
list. Only correct responses were reinforced. * 

Results. The uncertainty (il) in the response distribution was calculated for each item on each trial and summed 
for each list. The II remaining after Trial 6 averaged over all 3-$ec« conditions was 8.4 bits. For the l.S-sec« conditions, 
_ it was 15.2 bits, indicating that information was being processed at a constant rate. The amount of information 
I B processed per trial was also constant for each list condition, although differences among lisu reached borderline 
I " slgniflcance (p < .05) at the 3*sec« rate. ^ 

Conclusions. It appeared quite feasible to apply information theory to VD learning as an absolute measure of tasic 
difficulty and performance. 
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An Ihf oniiatioii Analorsls of 2-^ 3*» li-Word 
Verbal Discrlminatlcm learning 
Jaaea S« Arina and Francla Oragr 
Haval Postsrad\xate Scbool 

ttadenrood and Frmind (1969) have ahovn that learning dif f IcOlty 
Tarlea as tha nunber of cboicea in a verbal discrlnlnatioii (VO) itea 
•ra varied vhen the total nis&ber of Itena in a liat are held conatant* 
Zacka (19^9) haa denonstrated that the total learning tine tenda to be 
imrartant over varloaa cotditione of practico for a f laced taak load« 
Theae characterietica of VD learning taaka %iould aoem to hate much ixk 
comoQ vlth the infomation analyala of conounlcatloQ toaka (Qamert 
1962). That iBp the nuioiber of poaaible alteraatlvea in ax^ VD item 
could be readily quantified in tema of the amount of information con^ 
tained in tha itea if the expected relative frcqiiency (a priori proba« 
bilitgr) of choice of each void could be identified* The total amoimt 
infomation in a liat would then be the aun of the information cont/jlned 
in each item of the list« Sinilarly^ the invariance of total loas'i.Ing 
tine could be expraaaed quantitatively in inf ormtion neasuros iu» ' he 
rate of infomation pxoceaaing* 

The information analyaia of VD itesaa vith laore than two alter ativea 
nigjbt also provide additional infomatim over convonticnal nethodri of 
analysing VD learnings Conventional mthoda quite often ueo tlie pc^rcent 
of correct reaponaea for analysis* This neasure varies vith the nunftier 
of altemativea In an itemy in addition to other aapecte of the loAming 
.situation* Ihfomatlm nea&urea^ on the cthor himd^ coiilii r>r; v^icn n 



absolute masure of learning that la Independeftt of the nuiober of altema- 
tivea in a VD item* Thusy porpoaa oJT this research vas to ahow that 
▼erbal disczinination learning could be quantified and analyzed using 
inf onaation theory, 

Hothod 

Three VD lists were constructed dlTforing on the basis of having 
2-9 3*, or U«word iten (figure 1). Within each item, the words wen 



Jawrt figure 1 about here 



hi^ in background Arequenoy, had an equal a priori chance of being 
selected on the first trial, and vera froa slnilar or different catogories 
for half the itosis* The determination of equal a priori probabilities 
vas baaed on background Araquen^ of the words as suggested by the fra- 
quenoy theoxy of VD learning of Ekstrand and Uhderwood (1^66) and con- 
fimed by exploratoxy testing. Background frequency vas controlled ly 
using ohly AA and A words in the Thomdike and Lorge (19Uh) nonaa. The 
words wore mlocted iron the catecoxy .nonas of Battig and Hontaj^ue (1969). 
Words were eelocted for siailarity from the saae category and fcr 
sinllarity f ron diffenent categories* Since the choice of any nltcrnative 
was equally likely, the Infomation ccntont of any iten vas tlie loTorithm to 
the base 2 of the nudber of choices* Accordingly^ a 2-word itoa hod one 
bit of Infomationi a 3-word itoa, 1*58$ bitsi and a li-word Itea, tvo bi^s*. 
^ 3-9 and li^^ord lists were then equated for total infoxnation 
con^nt at apnroxiaately 20 bits by having 20, 12> tzid 10 Itnnr list* 



Tmntgr different Kaval Postsraduata School students ware assisted to 
•aeh list end glTen fflac presentations of the list. Only correct aoswars 
vers reinf orcsdy thus provicUine one bit of Infoxnation to the subject 
regardless of the nonbar of voids In the itea* The lists were presented 
«t 1.5 sees* per itea to half the Ss in each list treatnont and at 3*0 
sees* to the other half. Interiteta times were also 1.5 and 3.0 sees. 
ThttSy iten length and prseontation rate were faetariaUy coaA>ined and 
sinilari^ vaa a nested variable. 

Results 

The percent of correct responses are shotm in table 1 and figure 2. 
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Anal^v8l0 of variance shoved Usts^ prosentaticn rate^ and trials to be 
significant at the .01 level and alailarlty algniflcant at the .05 level* 
The rate b7 triala interaction vaa aignif leant at the .01 levels end list 
1^ alnllarltijr intoractlona vaa aisniflcant at the •05> loval« All rindinga 
were in the' expected dlrectloni almllarlt/^ however^ vaa f acilitabive in 
onlj the 3-* and l4«-word liata* 

The InfOTnatlon analyala vaa cond\ictod by flrat detnr:)sinin(y t .9 
dlatrlbution of cholcea for each Itea on each trial. F'rom these c atrl« 
butlona^ the average uncertaintgr for each iteny conslderad ao a n>e aage 
aetf vaa calculated. The itea uneertaintlea vero then ausKoed and mib>» 
tracted from the orleinal 20 bite to provide the aa'>unt of Informalvlon 
yet to be leaimed or transferred per trial. Theae uneertaintlea are 
shcvm in table 2 and firrure 3» A TTixik chi-^quaro tir:-^yy:.l:: vr- :ice 
ahoved itea length to be significant at the .0$ level fcr Ui^ ^ec. 



condition bat not for tho 1.$ oeo. conditioo. The \meertaintgr remaining 
at trial BiXp aireraged ovor the 1»5 80C» treatnenta vaa 15«2 bitai tha 
abount nraainlng for tha 3«0 aoc* traatroBOta vaa 8»U bita» 



Inaari table 2 and f Icora 3 about bare 

Diacuaaion and Concluaiona 

An analyaia of the ^pexeent correct** reaponaea abomd aignlficant 
differencea for itea lengthy rata of preaantatlon^ and aindlarlty^ lletrer^ 
thaleaa^ the inforxuttion oeaaura coxtld be uaed to produce approxlmntely 
equal Information tranafer anonc the Uata and an approxlnatelj crnatant 
rata of Infomation tranafer for two presentation ratoa differing by a 
factor of two» The borderline aignificanca of item length in the 3«0 
aec» tireatoent auggeata that a unifom preaentation rate gor iten for all 
item longtba nuor have raaulted In a more difficult infonoation proceaaing 
taak for iteaui with acre vorda. 

It aj^ara that infer natica theory can be used to quantify tho 
difficulty of a VD learning task. Thia capability^ vhon fully devrloped 
and generaliaod^ could havo nany appUcaticoa In both mplicd and : aaaareh 
sattinga by providing an abaoLute neasure of tho difficulty of a loamitig 
or training taak or the information processing abilities of individuals* 
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Table 1 

Percent of Correct Responses per Trial 
by Item Length and Presentatirn P.ate 
4-Words 3-Words 2-Wordg 



1,5-Sec/ 3-Sec. l,5"Sec> 3-Sec. 1,5-Sec» 3-Sec> 



1 


29.0 


30.0 


33.3 


34.1 


48.5 


46.5 


2 


28.0 


41.0 


43.3 


46.7 


54.0 


64.5 


3 


32.0 


42.0 


41.7 


65.0 


55.0 


76.0 


4 


34.0 


55.0 


55.0 


65.0 


64.5 


79.0 


5 


42.0 


62.0 


50.8 


73.3 


66.0 


83.5 


6 


40.0 


69.0 


60.0 


82.5 


76.0 


87.5 



Table 2 

Uncertainty Semainirie per Trial by Item 
Length and Presentati-T Rate 







4-Words 


3-Worcls 


2 -Words 




Trial 


1.5-Sec. 


3-Sec. 


1.5-Sec. 


3-Sec. 


1.5-Sec. 


3-Sec. 


t 

;i 


1 


16.9 


17.0 


18.2 


17.5 


18.2 


18.4 


t 


2 


18.0 


17.8 


16.9 


16.3 


18.6 


17.4 


\ 
i 

i 


3 


17.3 


16.9 


16.5 


13.3 


18.4 


13.0 


t 
'} 


4 


17.1 


14.1 


15.6 


13.2 


15.9 


12.6 


\ 


5 


17.1 


13.5 


15.6 


11.5 


16.0 


10.7 


1 

. 1 


6 


16.6 


10.3 


15.0 


7.1 


14.0 


8.2 



Fieuro Captlcns 

Fig« !• Word lists for 2p 3«t and li-vord troataonts* The first 
vord In each iten was used as the eorrect response* Dissimilar itens 
are denoted with an asterisk* 

Fig* 2* Percent correct responses treatment and prcsentaticii 
time*' 

Fig* 3* Uncertainty remaining per trial for each treatnant and 
presentation tiae* f)L 



Two-'Word Treatments 



murder 


wine* 


juice 


doll* 


apple 


river* 


book 


lake* 


Iron 


yard* 


nail 


swim* 


tea 


coffee 


tenple 


crock* 


table 


chair 


cotton 


salt* 


mother 


father 


bus 


gun* 


cat 


dog 


water 


doov^ 


eye 


head 


car 


train 


£oot 


mile 


red 


blue 


com 


bean 


hour 


minute 



Three- Word Treatment 



door temple water* 

brother .mother father 

green blue red 

lake . book table* 

S cotton hours salt* 

' apple knife cat* 

iron yard doctor* 

eye head foot 

minute hoxir second 

hill river rock 

boat train car 

nail oil swim* 





Pour-Word 


Treatment 


mother 


sister 


brother 


door 


private 


temple 


eye 


foot 


nose 


swim 


nail 


wine 


yard 


doctor 


iron 


yellow 


blue 


green 


lake 


rock 


river 


cotton 


salt 


house 


cat 


murder 


knife 


year 


minute 


hour 



father 

water* 

head 

oil* 

book* 

red 

hill 

table* 

apple* 

second 



Uncertainty U(x,y) 
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The stud^ was redone with a constsnt presentatlcn rate (two 
rates) over the item types as shown in the table below. The ti^e 
Intervals are In seconds. Each presentation had an Item (stimulus) 
presentation time interval^ as shown^ followed by a blank interval 
of equal length • For example^ for the 2-word Item, the Item was 
presented for l-sec# followed by a l-sec« blank Interval, making 
the interstlmulus interval two seconds and making the stimulus 
presentation rate ^bit/sec. 

The. graph on the next page shovjs the uncertainty remaining 

after each of eight trials for the 2-, 3-, and Ifword conditions 

summed over the two presentation rates. .There is no difference 

in the list or list by trials effects, and we have shovm that we 

can take VJ) items of different lengths, made into lists of different 

lengths, and presented at different tine intervals oer item and have 

them all show the same infcrmatlcn processing rate. 

I 

THE IKTERyALS FOR ITEM PHEaSEilTATiqN 



ITEM 


FRBSENTA!FIOII RATE 


TXFB 








^ bits/sec 


i BITS/SEC 


2-WOHD 


1.0 


2.0 


3«W)HD 


1.6 


5.2 


4-VORD 


2.0 


4.0 . 



Bits of Uncertainty 
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